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In 1906 Paschen (1) observed the elementary bodies of vaccinia in 
specially stained preparations of Kinderlymphe.  For many years the 
importance of this observation was not fully appreciated, because, in 
addition to  the elementary bodies in the preparations, many other 
small objects which one always had difficulty in distinguishing from 
the elementary bodies themselves invariably took the stain.  In fact, 
for a long time many investigators either denied the existence of such 
bodies or doubted their significance.  But since Ledingham (2)  and 
Craigie  (3)  described  methods  of  obtaining  elementary  bodies  of 
vaccinia in a state of relative purity, a great increase of interest in these 
minute structures has occurred. 
Certain immunological, serological, and chemical investigations of 
the  etiological agent  of  vaccinia  are  possible only when  one  is  in 
possession of considerable amounts of the agent in a  state of relative 
purity.  When Craigie described his method of obtaining appreciable 
quantities of washed elementary bodies of vaccinia, we realized that 
investigations long delayed because of technical difficulties could be 
undertaken if his findings were correct.  Consequently, we decided to 
determine whether we  could obtain  by his  method relatively pure 
elementary  bodies  in  amounts  sufficient  for  our  serological  and 
chemical studies.  The method is of sufficient importance to warrant 
another description of it in detail.  This is especially true in view of 
the fact that the validity of results of work to be reported in other 
papers of the series will depend largely upon the care and accuracy 
with which preparations of washed elementary bodies are made. 
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EXPERIMENTAL 
We shall  describe  (I)  the  manner  in  which  washed elementary  bodies 
of vaccinia are prepared, (2) the method of hyperimmunizing rabbits in 
order to obtain potent antivaccinal serum, and  (3)  the techniques of 
conducting agglutination tests with elementary bodies and precipita- 
tion  reactions  with  virus-free  filtrates  obtained  from  emulsions  of 
tissues infected with vaccine virus. 
Virus.--The vaccine virus used by us was obtained from Craigie and has been 
designated by him as the C. L. strain.  It was secured by him from calf lymph, 
but for a long time has been passed only through rabbits by means of inoculation 
on the shaved skin.  In order to get a good yield of elementary  bodies, a suspen- 
sion of them must be employed as an inoculum.  If one inoculates the skin of a 
rabbit with  testicular  vaccine virus,  the yield of elementary  bodies is small.  If, 
however,  the elementary  bodies  secured  in  this  manner are used as seed for  a 
second passage of the virus in the skin, much larger  quantities  of bodies are  ob- 
tained.  After several passages of the virus have been made in the skin of rabbits 
by means  of washed  elementary  bodies  large  amounts  of these  structures  are 
regularly  secured from each harvest. 
Preparation of Washed Elementary Bodies 
Washed elementary bodies of vaccinia are prepared in the following 
manner. 
Large healthy rabbits with  skin free from pigmentation  and from excessively 
coarse hair are selected.  The hair is removed from the backs and flanks of  the 
animals by means of a clipping machine and then the skin is carefully shaved and 
washed.  It is scarified and inoculated with the seed virus by means of a small pad 
of 100 mesh wire gauze held in a surgical clamp; the inoculum is applied  to the 
skin  drop by drop  during  the process of scarification.  In this manner an even 
distribution  of virus is  procured.  Care  must  be  taken  to  avoid  too  vigorous 
scarification of the skin, inasmuch  as the  exudation  of  an  excessive amount  of 
fluid or blood leads  to the formation  of crusts  over the vaccinal  lesions which 
interfere  with  the  successful preparation  of  the  elementary  bodies.  Properly 
prepared  and seeded skin will present  immediately after inoculation nothing more 
than a diffuse redness. 
On  the  3rd  day  after  inoculation,  the  skin,  now  considerably  thicker  than 
normal, is covered with a confluent vaccinal eruption  in which the  appearance  of 
vesicles or pustules  is rare.  At this  time  the virus  is harvested,  because  it  has 
been found by experience that a 3 day eruption yields a suspension from which the 
largest amount of relatively pure elementary bodies can be obtained. 
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injection of air.  Immediately after the death of the animal its skin is quickly re- 
moved and pinned to a level fiat board.  Ether is poured over the skin 2 or 3 times, 
the excess being removed each time with a cotton pledger.  Then 10 cc. of a buffer 
solution  (0.004 ~  citric acid-disodium phosphate, pH 7.0-7.2)  are placed on the 
skin and spread over the entire infected  surface.  While  the skin is covered with 
the buffer solution  its surface is quickly  scraped with a scalpel.  The turbid sus- 
pension produced in this manner is taken up by means of a  spoon and placed in 
a test tube.  The skin is covered with another 10 cc. of buffer solution and scraped 
a second time.  The material secured is mixed with that obtained as aresultof the 
first scraping.  The mixture after being shaken vigorously by hand is centrifuged 
(horizontal  centrifuge)  for  5  minutes  at  3000  R.p.x~.  The supernatant  fluid is 
decanted and saved.  The sediment is then thoroughly mixed with 10 cc. of buffer 
solution  by vigorous shaking and centrifuged again.  The supermttant fluid from 
the second centrifugation is decanted and mixed with the first supernatant ma- 
terial.  The  sediment  is  discarded.  The  pooled  supernatant  fluids  are  then 
centrifuged  (horizontal  centrifuge)  for  5  minutes  at  3000  R.P.~.  The  super- 
natant fluid is decanted and saved.  The sediment is discarded.  It is  essential 
that the  time which  elapses  between the death of the rabbit and centrifugation 
be as brief as possible. 
The opalescent fluid  obtained in  the  manner described  above is  then centri- 
fuged for 1 hour at 4500 R.p.x~. in a Bolaget angle centrifuge.  Flat tubes, having 
a length of 11 cm. and internal diameters of 3 and 14 ram. are used.  The  clear 
supernataat fluid is decanted and saved, inasmuch as it contains a  soluble  sub- 
stance  that  produces a  precipitate when mixed with  antivaccinal  serum.  The 
sediment is resuspended in buffer solution  and centrifuged again.  This procedure 
is repeated 3 times, the supernatant fluid being discarded  each time and the sedi- 
ment resuspended in buffer solution.  The sediment from the final centrifugation 
is taken up in a volume of buffer solution  approximately equal to that originally 
used (20 cc.) and centrifuged in a horizontal centrifuge for 1 hour at 3000 R.P.M. 
in order to remove bacteria and cellular debris.  The superuatant fluid  containing 
the elementary bodies is removed by means of a pipette and stored at  +4°C. 
The elementary bodies secured in the manner described represent a 
stable suspension in a  buffer solution.  Smears prepared from such a 
suspension  and  stained  according  to  Morosow's method  (4)  contain 
large  numbers  of  elementary  bodies  and  few  or  no  other  formed 
particles (Fig.  1).  In fact, such a preparation reminds one of a  smear 
made from a pure culture composed of extremely small cocci.  Further- 
more, bacterial counts made by means of poured plate cultures reveal 
only 200-300  bacteria per cc.  Intradermal inoculation of 0.25 cc. of 
10 -T or  10 -8  dilutions  of the  suspensions  induces  a  typical vaccinaJ 
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Suspensions of elementary bodies in buffer solution are stable  and 
suitable for agglutination tests.  For  chemical analysis, however, the 
bodies are washed 3  additional times in  sterile distilled water.  For 
this procedure the angle centrifuge is  used.  Distilled  water agglu- 
tinates  elementary bodies,  but  that phenomenon does not interfere 
with chemical investigations.  The bodies after the final washing are 
taken up in a  small amount of distilled water, frozen, and dried in a 
desiccator.  The  resulting  product  is  a  white  voluminous powder. 
From each infected rabbit approximately 2 rag. of dried elementary 
bodies can be obtained.  For the preparation of each batch of ele- 
mentary bodies to be used for chemical analysis at least 10 rabbits are 
used and in this way we usually secure 20 rag. of material. 
Preparation  of the Soluble  Flocculabte Substance  or Substances  Derived 
from Vaccinal Emulsions 
It was stated above that the supernatant fluid resulting from the 
first sedimentation of elementary bodies in the angle centrifuge con- 
tains a soluble flocculable substance or substances.  After centrifuga- 
fion, however, a  certain amount of finely divided material and a  few 
elementary  bodies  remain  in  the  supernatant  fluid  and  must  be 
removed by filtration if accurate immunological observations on the 
soluble antigens are desired. 
In order to obtain a clear fluid  for precipitin reactions the supematant fluid is 
passed through a Seitz filter pad which has already had passed through it 10 cc. of 
10 per cent normal rabbit serum in a buffer solution followed  by 10 cc. of the buffer 
solution alone.  The preparation of the pad in this manner is carried out in order 
to decrease the loss of soluble antigens through adsorption. 
The solution resulting from filtration through Seitz pads is perfectly 
clear and is suitable for use in precipitation tests.  Nevertheless, a 
Seitz  filtrate  is  not  always  entirely  free  from  elementary bodies. 
Although these str~ctures may be present in such small numbers as 
not  to interfere with  the  precipitation reactions, their complete re- 
moval is essential when a  virus-free  filtrate is desired.  This is  ac- 
complished by means of collodion membranes. 
The collodion membranes are prepared by Dr. Bauer according to the method 
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having an average pore diameter of 103 ~  were chosen because they invariably 
hold back vaccine  virus which, according  to Elford and An&ewes  (6), has a 
diameter of 125-175 ~. 
When the supernataut fluid resulting from the first centrifugation 
of the elementary body suspension in the angle centrifuge is passed 
through the collodion membranes described above, the soluble antigen 
is  obtained in  undiminished titer  free  from virus  as  determined by 
serial testicular passages in rabbits of samples of the filtrate. 
Preparation of Potent Antivaccinal Serum 
In order to obtain an antivaccinal serum of high titer rabbits  are 
hyperimmunized in the following manner. 
Rabbits convalescent from an intradermal infection with vaccine virus receive 
3 intravenous injections of 1.0, 2.0, and 3.0 cc. respectively of washed elementary 
bodies at weekly intervals.  The animals are bled a week after the last injection. 
Some animals produce  better antlsera than do others.  Consequently,  the best 
sera are chosen for experimental work. 
Hyperimmune serum prepared in the manner described will agglu- 
tinate washed elementary bodies in dilutions of  1-128  to  1-512  and 
will produce a precipitate in virus-free filtrates in dilutions of 1-32 or 
1-64.  Some workers give the rabbits a  large number of immunizing 
doses of the virus and have obtained sera with titers higher than ours. 
So  far we have not found it essential for our work to  have  sera  of 
extremely high titers, and our method of hyperimmunization does not 
require a  long period of time. 
Method of Conducting Agglutination and Precipitation Reactions 
Agglutination and precipitation reactions are  carried out according 
to the method described by Craigie (3). 
Pyrex test tubes with outside dimensions of 10 x 75 ram. are used.  As a diluent 
in the tests, physiological saline solution brought to a pH of 7.0 by the addition 
of 1 co. of a 0.2 K disodium phosphate-citric acid buffer to each 100 ec. of the salt 
solution is employed.  The saline solution must be made for each test with recently 
boiled distilled water.  The use of other diluents frequently causes a non-specific 
agglutination of the elementary bodies.  For agglutination  a light suspension of 
elementary bodies yields the best results, and we have found that our stock sus- 
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filtrates used in precipitation reactions must  be determined  for  each filtrate by 
preliminary  titrations  (7).  0.25 cc.  amounts of different  dilutions  of immune 
serum are placed in a number of tubes.  To each tube containing serum an equal 
amount of diluted elementary body suspension or filtrate is added.  Controls in 
which normal rabbit serum is used always parallel the tests.  The tubes with their 
contents are placed in specially prepared  wooden racks and incubated at  50°C. 
for 18-20 hours.  Evaporation of the fluid is prevented by means of a lid, consist- 
ing of a strip of wood to which is fixed sponge rubber  covered by a thin rubber 
dam, held in place over the tubes by means of springs (7). 
When  agglutination  and  precipitation  reactions  are  carefully 
conducted in the manner described, consistent and convincing results 
are obtained.  The results are easily read with the unaided eye.  A 
magnifying lens is often of service, however, in determining the exact 
end-point.  Care should be taken not to shake the tubes too violently, 
because  agglutinated  elementary bodies  are  almost  completely dis- 
persed by excessive agitation and a precipitate is easily broken up into 
tiny flocculi difficult to see. 
Specifidty of the Agglutination and _Precipitation Reactions 
Some investigators (8)  have suggested that the  agglutinations and 
precipitations  observed  to  take  place  when  antivaccinal  serum  is 
mixed with emulsions of vaccine virus represent the  agglutination of 
bacteria  or  the  precipitation  of  bacterial  substances  in  the  virus 
emulsions  by antibodies  for  bacteria  in  the  antiviral  serum.  Such 
suggestions were  engendered by the  fact  that much of the  original 
serological work on vaccine virus was  conducted with material  con- 
taining large numbers of bacteria.  The work of Burgess, Craigie, and 
TuUoch  (10),  Craigie  and  Tulloch  (7),  Craigie  (3),  and  others  has 
shown  that  the  reactions under  discussion  are  specific  for  vaccine 
virus.  Additional  evidence  of  the  specificity  of  the  reactions  is 
afforded by the following experiments. 
Rabbits that had received an intradermal inoculation  of bacteria-free vaccine 
virus possessed in their sera agglutinins  for washed elementary bodies and pre- 
cipitins that produced a flocculation in virus-free emulsions made from tissue in- 
fected with vaccine  virus.  The  titer of  these  antibodies  was increased  ff the 
rabbits  received repeated injections of bacteria-free  virus. 
A  quantity of bacteria-free  tesficular  vaccine  virus,  frozen and  dried  in  a 
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the precipitation reaction.  1 gin. of the dried ether-extracted material was added 
to  100 cc. of physiological saline solution.  After  extraction  had  taken  place, 
the material  was centrifuged and  the supernatant  fluid was passed through  a 
prepared Seitz pad.  The filtrate prepared in such a manner yielded a precipitate 
when mixed with the serum of a rabbit that had been immunized against washed 
elementary bodies but not with normal rabbit serum. 
DISCUSSION 
For a long time  (9,  11) it has been known that a precipitate forms 
when vaccine virus is added  to  antivaccinal  serum.  Only recently, 
however, has it been shown  that  the precipitate  formed under  such 
conditions is due both to the agglutination  of elementary bodies and 
the  precipitation  of  a  soluble  substance  (3).  Since  Craigie  has 
developed a  method  of obtaining  large  amounts  of  relatively pure 
elementary bodies and since the flocculable substance can bc secured 
free from the virus, rapid progress should bc made in the analysis of 
these  two  antigens.  Furthermore,  the  experiments  with  washed 
elementary bodies show definitely that these structures are intimately 
associated with vaccine virus or that they constitute the virus.  The 
exact nature of the bodies still remains to be determined. 
SIYM~ARY 
By means of  differential  centrifugation  in the horizontal  and angle 
centrifuges  it  is  possible  to  obtain appredable quantities  of  relatively 
pure elementary bodies  of  vaccinia.  Such preparations  of  clemcntary 
bodies  exhibit  an  extremely high  titer  of  vaccine  virus. 
The clemcntary bodies  are spedficaUy agglutinated  by serum from 
rabbits immunized  by means  of injections  of bacteria-free  vaccine 
virus. 
Virus-free  filtrates  of  dermal  vaccine  virus  and  of  bacteria-free 
testicular  vaccine  virus  contain  a  soluble  substance  or  substances 
that is precipitated by antivaccinal sera. 
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